See articles by Scherer et al. [6] (pages 79 -87) and Ochi et al. [12] (pages 88 -96) in this issue.
released from platelets and other blood cells as well as highdensity lipoprotein. Thus, S1P is in an effective position to regulate the function of the cells in the vascular wall. The effects of S1P are mediated by two pathways. The historically older suggestion was that S1P acts as an intracellular second messenger. Unfortunately, the direct intracellular targets for S1P are not definitively identified. More is known about the effect of extracellular S1P that binds to a family of five G-protein-coupled receptors, S1P 1 -5 (for more information see [5] ) and probably to some other less well-characterized receptors.
Interestingly, S1P has been shown to regulate the contractility of a variety of vascular tissues, causing vasoconstriction in most vessels (for details see reviews [3, 4] ). It is noteworthy that S1P seems to be more important for the contractile function of small, resistance-type vessels than of conduit vessels. Thus, effects of S1P on blood vessel contractility may have pathophysiological relevance under conditions characterized by increased S1P concentrations. Therefore, S1P and the S1P-activated signalling pathways are potential therapeutic targets for the treatment of, for example, hypertension, stroke, and vasospasm. However, the understanding of the relationship between the vasoactive mechanisms and the pathophysiological role of S1P in vascular tissue is still limited, mainly because studies on this relationship in functionally important small arteries are scarce.
It is the merit of the study by Scherer et al. [6] published in this issue of Cardiovascular Research to provide new evidence for the potential pathophysiological relevance of the action of S1P on small arteries. The authors show that mRNA transcripts encoding sphingosine kinase, S1P phosphohydrolase, and three S1P receptors (S1P 1 -3 S1P signalling pathway are expressed for S1P to act as an endogenous regulator of spiral modiolar artery tone. Indeed, S1P induces a concentration-dependent constriction of the spiral modiolar artery with an EC 50 of 115nmol/L, which is close to the reported plasma concentrations. The constriction is accompanied by an increase of the apparent calcium sensitivity of the contractile apparatus. The Rho kinase inhibitor Y27632 reversed the S1P-induced vasoconstriction and the increase of calcium sensitivity. This finding shows that Rho kinase is active in arteries exposed to S1P. In addition, RhoA, the activator of Rho kinase, translocates to the plasma membrane in response to stimulation with S1P. Thus, the presence of active RhoA and Rho kinase in arteries exposed to S1P is most likely due to a S1P-induced activation of the RhoA/Rho kinase pathway.
The present investigation extends previous reports of the same group on the S1P -RhoA/Rho kinase pathway. In these studies, conducted on small arteries from hamster gracilis muscle, it was shown that exogenous S1P induces constrictions without changing the intracellular calcium concentration [7] and that endogenous S1P contributes to both major components of the mechanism of the myogenic response: the initial increase of the intracellular calcium concentration and the increase of the calcium-sensitivity of the contractile apparatus [8] .
Along with the evidence for the pathophysiological relevance of the ability of S1P to affect the contractility of the gerbil spiral modiolar artery, the study by Scherer et al. [6] points to several additional important issues. Firstly, the gerbil spiral modiolar artery was observed to have an extensive length. Thus, the pressure in the vessel will drop over a long distance. As a result, a large change in pressure, and consequently in blood flow, will be obtained at the distal end of the vessel even with small changes in vessel diameter. In this case, a vasoactive compound does not have to be exorbitantly potent or released at high concentrations by pathologically relevant mediators. Secondly, the functional state of blood vessels is considered classically to be regulated by a simultaneous change of the intracellular calcium concentration and the calcium sensitivity of the contractile elements. Historically, the importance of changes in calcium sensitivity were recognized later, but now a number of mechanisms controlling the calcium sensitivity of the contractile apparatus have been described [9, 10] . Thus, it is noteworthy that the S1P-induced constriction of the small gerbil spiral modiolar artery documented by Scherer et al. [6] is dominated almost completely by a change in the calcium sensitivity of the contractile apparatus. Thirdly, as mentioned above, the effects of S1P are suggested to be mediated by two pathways, S1P acting as an intracellular second messenger and S1P binding to G-protein-coupled receptors. It is tempting to speculate that the transient increase in the intracellular calcium concentration and the activation of the RhoA/Rho kinase pathway demonstrated in the present study by Scherer et al. [6] reflect the activation of the intracellular and extracellular pathways, respectively. The data presented seem to indicate that the extracellular pathway dominates the contractile effect. Nevertheless, it will be an interesting challenge to address the question of the functional relevance of the S1P-induced transient increase of the intracellular calcium concentration. Thus, it is still not clear how the intracellular and the extracellular pathways are orchestrated. In this context it should also be clarified whether S1P is a constitutively present, tonically active factor or an inducible factor that acts only when needed. Fourthly, the pathophysiological relevance of the work by Scherer et al. [6] is not only based on the observation of a potent action of the potential pathophysiologically important substance S1P, but also on the finding that the RhoA/Rho kinase pathway mediates its effect. Indeed, in small arteries it has been observed that the RhoA/Rho-kinase pathway is activated in several cardiovascular diseases and may serve as an important therapeutic target in cardiovascular medicine [11] . It will be the aim of future studies to decide whether RhoA/Rho kinase or S1P/S1P kinase/S1P phosphatase are the more promising targets for therapeutic interventions.
Last but not least, it should be mentioned that in this issue of Cardiovascular Research Ochi et al. [12] reported that S1P stimulates an inward-rectifying potassium current in guinea pig atrial myocytes leading to a shortening of the action potential. This effect may be relevant for atrial rhythm disturbances and provides additional evidence for the importance of S1P in the cardiovascular system.
